High levels of scrapie infectivity were found in detergent-insoluble residues of hamster brain purified by either repeated pelleting in 10~o NaC1 or by separation in Nycodenz ~ gradients. Titres determined by the method of incubation interval assay were 100-fold higher than titres measured by endpoint dilution assay. The protein profiles and end-labelled RNA examined by one-dimensional polyacrylamide gel electrophoresis were not different from samples prepared from uninfected brain. Preparations produced by repeated pelleting were treated with RNase A and/or 7 Murea with no loss of scrapie infectivity. However, the infectivity of samples prepared by gradient centrifugation in Nycodenz ® were reduced by 2 to 3 IOglo LDso by treatment with RNase A alone but not in combination with SDS. These results suggest that the scrapie agent may be aggregated by methods of purification employing pelleting in high concentrations of salt, or by adding polycations to disaggregated samples.
clinical signs of scrapie, or from age-matched controls, were homogenized to 10 ~ (w/v) in 10 ~o N-lauroylsarcosine pH 7.4 (adjusted by adding 1 ml 1 M-NaH2PO, per 100 ml) in a Ten Broeck glass grinder. After 30 min at room temperature, the samples were diluted to 7 ~o (w/v) with 10 N-lauroylsarcosine and centrifuged at 22000 g for 30 min at 19 °C, Supernatants were removed and centrifuged at 215000 g for 2 h at 19 °C. Supernatants were discarded and the pellets resuspended in 6 ml 109/o NaC1, 1 ~ N-lauroylsarcosine (NLS buffer). These samples were sonicated for 3 min at 20 °C and stored at 4 °C overnight after which they were re-sonicated, atiquots removed for protein assay and bioassay, and centrifuged at 215000g for 2-5 h at 19 °C. Supernatants were discarded, and the pellets were resuspended in 1.5 ml NLS buffer and sonicated as previously described. Samples again were removed for protein assay and bioassay. The suspensions were incubated for 1 h at 37 °C, then centrifuged in an Eppendorf 5412 centrifuge for 15 rain. The pellets were resuspended in 1 ml NLS buffer and sonicated. Proteinase K (PK) was added (5 ~tg/ml) and the samples were mixed on a rotating table for 2 h at 37 °C. This protease-treated sample was centrifuged in an Eppendorf centrifuge for 15 min. The pellets were resuspended in 1 ml NLS buffer and sonicated. The protease inhibitor phenylmethylsulphonyl fluoride was added to a final concentration of 0-05 mM before the samples were dialysed against I0 mM-Tris-acetate pH 7.4 and 5 mM-EDTA for 24 h at room temperature. These samples are designated WBpx.
Plasma membrane fractions were prepared by homogenizing 15 brains from scrapie-infected and control hamsters to 10~ (w/v) in 10 mu-Tris-acetate pH 7.4 and 150 mu-NaC1. These suspensions were centrifuged at 500g for 10 min at 4 °C. The pellets, containing nuclei and large cell fragments, were discarded and the supernatants centrifuged at 3400 g for 30 min at 4 °C to obtain plasma membrane-enriched pellets which were resuspended to 10~ (w/v) in 10 mM-Trisacetate pH 7-4, 150 mM-blaCl, 5 mM-EDTA and stored overnight at 4 °C. These suspensions were re-centrifuged at 3400 g for 30 min at 4 oC and the pellets were extracted with 10~ Nlauroylsarcosine as described above. These samples are designated PMpk.
Similar plasma membrane-enriched fractions from infected and control hamster brains were prepared as described above, then extracted as 10~ suspensions with either 2, 4 or 10~ Nlauroylsarcosine at 4 °C for 2 h. The samples were clarified at 22000g for 30 rain and 5 ml of each supernatant was overlaid onto 7 ml 20 to 40~ continuous Nycodenz ® (Accurate Chemical Corp.) gradients containing 1~ N-lauroylsarcosine, 10 m/cl-Tris-acetate pH 7.4, 0-4 Mammonium sulphate, 150 mM-NaC1 and 2 mM-EDTA. The gradients were centrifuged at 215 000 g for 16 h at 4 °C, then 1.8 ml fractions were collected from the top and their densities measured before dialysis against 10 mi-Tris-acetate pH 7.5, 5 mM-EDTA, at 4 °C for 48 to 72 h. These samples are designated PMG.
The total infectivity associated with the initial whole brain material and with each detergentinsoluble pellet in the four centrifugation steps of the purification scheme are presented in Table  1 . Infectivity of the pellets from the first hi,h-speed centrifugation and second low-speed centrifugation were calculated by both incubation interval assay (Prusiner et al., 1981) and by serial endpoint dilution (Dougherty, 1964) , the latter procedure yielding values over 100-fold lower. The linear relationship between the inoculum dilution and the length of the incubation period, which is seen in the whole brain sample before detergent extraction, was not maintained upon dilution of insoluble residues (e.g. serial tenfold dilutions often produced the same mean length of incubation period). The PMok samples had an infectivity titre of 101° LDs0/ml when measured by the incubation interval assay, and 108 LDso/ml when measured by endpoint dilution assay.
The infectivity in the Nycodenz gradients was highest (109 LDso) in a fraction having a density of 1-17 g/ml and which often contained a 'parachute-like' band in the scrapie-infected sample. Table 2 shows the protein concentrations of the detergent-insoluble residues prepared from whole brain and the percentage recovery in each serial pellet. The initial 10~ N-lauroylsarcosine residues from control brain contained twice the amount of protein compared to the scrapieinfected samples, but these results were reversed in the final protease-treated pellets. The percentage of protein recovered from samples resuspended in 10~ NaC1 before and after PK * Number of hamsters developing progressive neurological disease/number inoculated, t loglo LDso scruple infectivity measured by the method of incubation interval assay (IIA) calculated using the 5 x 10 -2 dilution groups, or by endpoint dilution (ED) using the Spearman-K/irber method. Scrapie-infected 591 4-2 (0-7%) 0.59 (14%) 0.34 (58%) 0.07 (22%) * As measured by the dye binding method of Bradford (1976) . Percentage recovery of protein from preceding sample is indicated in parentheses. treatment indicates that the higher protein concentration in the final pellet does not result from a greater susceptibility of the control sample to proteolytic hydrolysis, but rather may be attributed to increased aggregation of the scrapie-infected sample in high concentrations of NaC1.
The protein profiles of the insoluble residues from control and scrapie-infected brain are presented in Fig. 1 . Paired control and scrapie-infected samples removed during the purification procedure do not contain different proteins. R N A from the samples designated WBpk and PMpk was extracted with phenol, purified with CsCI, concentrated by precipitation in ethanol, and quantified by u.v. absorbance at 260 nm. The control sample made from whole brain (WBv0 contained 17 ~Lg of single-stranded R N A and the scrapie-infected sample 4 ~tg. The control samples made from plasma membrane-enriched fractions (PMpk) contained 9 ~tg and the scrapie-infected sample 16 lsg, Autoradiographs of gels containing 5' end-labelled R N A from the PMpk samples revealed numerous bands of low molecular weight heterogeneous RNA. PM6 samples were similarly extracted, labelled, and electrophoresed. The control fraction (1.8 ml) contained 5 ~g of single-stranded R N A and the scrapie-infected sample 9 Ixg. Many bands ~ low molecular weight R N A were visualized.
WBo~ and PMpk samples were treated with 7 M-urea and/or RNase A with no detectable reduction in scrapie infectivity, In contrast, Table 3 shows a loss of infectivity of PMo samples Table 4 ). The present study is an extension of our earlier studies on scrapie infectivity associated with membrane vesicles which indicated that the agent is a molecular complex which co-purifies with detergent-insoluble residues (Marsh et al., 1984; Dees et al., 1985 a, b, c) . These experiments used a method described by other investigators (Hilmert & Diringer, 1984) to extract whole brains or plasma membrane-enriched fractions with a high concentration of an anionic detergent, followed by removal of insoluble residues by centrifugation. These preparations contained a high level of scrapie infectivity as measured by the incubation interval assay, but lesser amounts using serial endpoint dilution.
The purification procedure of repeated pelleting in high concentrations of NaC1 produces large aggregates which are only partially dispersed by sonication. Aggregation is a likely reason for lower titres when infectivity is measured by tenfold serial dilutions, but factors other than the physical state of the inoculum also must be considered. As we have discussed previously (Marsh et al., 1984) , aggregation of conventional viruses leads to an underestimation of actual titres by causing several particles to enter a single cell. However, the effect of aggregation on unconventional viruses, such as scrapie, remains to be defined. If the agent aggregates principally with itself, then the host may dissociate these aggregates into individual infectious units capable of infecting separate ceils. Infection of a single cell with multiple particles may accelerate the replication of the agent thereby producing short incubation periods. If the agent is aggregating with host components, then the short incubation periods may not be due to an increase in the number of infectious units, but rather the result of altered pathogenesis due to differential protection, adsorption or intracellular processing of the particle.
The present study indicates that proteins present in the scrapie-infected samples are more susceptible to aggregation by NaCI than proteins from control samples ( Table 2 ). The higher percentage recovery of protein in scrapie samples after treatment with 10~ NaCI suggests that any differences seen in protein content of the final preparation may be due to greater aggregation of the scrapie-infected sample rather than to innate resistance to proteolytic hydrolysis. Fig. 1 shows that by loading SDS-PAGE gels with equal protein concentrations a 27K to 30K protein can be demonstrated in both the control and the scrapie-infected lanes. Other studies (Meyer et al., 1986) have reported that uninfected samples are completely digested by protease and no 27K to 30K protein was detected, a finding which may depend on the method of purification used.
We detected large amounts of low molecular weight RNA in the WBpk, PMpk and PM6 samples. Similar concentrations and profiles in residues from both control and scrapie-infected brains indicate that RNA may be entrapped preferentially in these insoluble fractions during preparation. High concentrations of salt can cause aggregation of ribonucleoproteins (Zeive & Penman, 1981) . We did not observe a unique RNA species in the scrapie-infected samples, but the possibility of this was hampered by extensive breakdown of the RNA due to the length of the extraction procedures and repeated sonication of some samples. Future attempts to characterize low molecular weight RNA should emphasize methods to minimize RNA breakdown.
Addition of RNase A to the PMG fraction reduced scrapie infectivity. A similar effect has been observed on RNase treatment of cytoskeletal extracts containing either soluble (actin and tubulin) or insoluble (GFAP) proteins (Van Alstyne et al., 1986). However, in this latter instance treatment with poly-L-lysine also reduced infectivity indicating that the effect may be caused by aggregation of the sample due to the polycationic properties of RNase A rather than a hydrolytic effect on an essential RNA component. This possibility is strengthened by the observations in these experiments that RNase did not reduce infectivity in the presence of SDS, and that RNase treatment had no effect on the WBpk and PMpk samples which are already highly aggregated.
It is clear that we do not yet understand the precise conditions which interact to influence purification of scrapie infectivity. There appears to be some evidence to suggest that proteinprotein or, perhaps, protein-RNA interactions are modified in diseased brain tissue to enhance aggregation. This may explain the finding of differential susceptibility of infected and uninfected samples to proteolytic digestion. Furthermore, there is additional evidence to indicate that the manner of aggregation, or the time in the purification procedure at which the agent becomes aggregated, are both important considerations. In these studies we observed both reduction and prolongation of incubation periods due to aggregation. This phenomenon may be due in part to the purity of the sample at the time of aggregation. The WBpk sample becomes noticeably aggregated with the first high speed pellet (Tables 1 and 2 ) when the sample still contains a large amount of host tissue, in contrast to the PM~ fractions which were aggregated after purification by the addition of polycations. Exactly how these different conditions of aggregation influence agent-host interaction remains to be defined.
